We agree with G. J. Hogan (1) that evolution of PUF-RNA interactions is an important problem, but disagree with his characterization of our report (2). First, we cite Hogan et al. (3) and Jiang et al. (4) seven and four times, respectively; credit them with proposing Puf3-regulon rewiring; describe Hogan's work (3) as "elegant"; and credit it with proposing Puf4/5 duplication and divergence. We also explicitly state that our biochemical data support their earlier analyses.
We agree with G. J. Hogan (1) that evolution of PUF-RNA interactions is an important problem, but disagree with his characterization of our report (2) . First, we cite Hogan et al. (3) and Jiang et al. (4) seven and four times, respectively; credit them with proposing Puf3-regulon rewiring; describe Hogan's work (3) as "elegant"; and credit it with proposing Puf4/5 duplication and divergence. We also explicitly state that our biochemical data support their earlier analyses.
Second, Hogan's (1) assertion that "the majority of results presented by the authors have been previously published" is untrue. Using crosslinking and immunopurification, we directly identify mRNAs bound in Neurospora crassa by its Puf3 (Nc_Puf3) and Puf4/5 (Nc_Puf4/5) proteins for the first time, and conduct parallel studies in Saccharomyces cerevisiae to enable direct comparisons with its Puf3 (Sc_Puf3) and Sc_Puf5 [from our earlier work (5)]. We also determine RNA-binding specificities of Sc_Puf3, Nc_Puf4/5, and Aspergillus nidulans Puf4/5 (An_Puf4/5) in threehybrid assays. Our data (2) provide molecular information not captured by bioinformatics or prior microarray expression analysis (3), and define for the first time mRNAs truly bound by Nc_Puf3 and Nc_Puf4/5. This new information enabled our computational analysis of all PUF target mRNAs, expanding prior analyses anchored primarily on orthologs of Sc_Puf3-bound mRNAs.
Third, in our Discussion (2) we suggest an evolutionary model that best explains our findings. We were careful to present it as a proposal, befitting a Discussion. We had shown that some orthologous mRNAs bound by Sc_Puf3 are bound by Nc_Puf3, in addition to Nc_Puf4/5. Because three modern-day species utilize both Puf3 and Puf4/5 to control these mRNAs (2, 3), we favor a model in which the common ancestor used both systems. Our three-hybrid data clarify proteins' specificities, and strongly support a new model in which Nc_Puf4/5 and Sc_Puf5 retained ancestral broad binding specificities, whereas Sc_Puf4 and An_Puf4/5 independently evolved narrower specificities.
We propose that the ancestral PUF regulon may have coregulated cytosolic and mitochondrial ribosomerelated functions. Nc_Puf4/5 targets are enriched for ribosomal and translation functions. In one place in our report (2), we indicate Nc_Puf4/5 ribosome (RP) enrichment as "cytosolic," whereas the enrichment is for the combined group of mitochondrial and cytosolic RPs. We hereby correct this, although it is properly indicated elsewhere in both our text and supplement. Of Nc_Puf4/5-bound mRNAs annotated with "ribosomal" or "translation," 24% are cytosolic. As shown in figure 5 of our report (2), Sc_Puf3 also binds some cytosolic-RP mRNAs (although they are not orthologous), whereas the Nc_Puf4/5 ortholog Sc_Puf4 binds mRNAs enriched specifically for cytosolic ribosome-biogenesis factors (6) . From these associations, we suggest in the Discussion of our report (2) that the ancestral PUF regulon may have coregulated mitochondrial and cytosolic ribosome-related functions. Clearly, this is a hypothesis, advanced within a broader model for multistep regulatory rewiring we summarize. Both Hogan et al. (3) and Jiang et al. (4) acknowledged that multiple evolutionary models were equally parsimonious.
Our work (2) provides biochemical evidence for the previously proposed rewiring event, and sheds new light on evolution of PUF regulons and binding-site preferences. It directly establishes which RNAs bind which PUF proteins in Neurospora, data that must be accommodated in models of PUF evolution.
